Purposes This paper reports the development and evaluation of a perceived cognitive function (pedsPCF) item bank reported by parents of the pediatric US general population. Methods Based on feedback from clinicians, parents, and children, we developed a scale sampling concerns related to children's cognitive functioning. We administered the scale to 1,409 parents of children aged 7-17 years; of them, 319 had a neurological diagnosis. Dimensionality of the pedsPCF was evaluated via factor analyses and its clinical utility studied by comparing parent ratings in patient groups and symptom cluster defined by the Child Behavior Checklist (CBCL). Results Forty-four of 45 items met criteria for unidimensionality. The pedsPCF significantly differentiated samples defined by medication use, repeated grades, special education status, neurologic diagnosis, and relevant symptom clusters with large effect sizes (>0.8). It can predicted children symptoms with the correction rates ranging 79-89%. Conclusions We have provided empirical support for the unidimensionality of the pedsPCF item bank and evidence for its potential clinical utility. The pedsPCF is a promising measurement tool to screen children for further comprehensive cognitive tests.
Introduction
Children with neurological disorders such as brain tumors and epilepsy commonly experience decrements in neurocognitive function [1, 2] which are traditionally assessed via neuropsychological testing. However, such testing is time-and resource-intensive, and practice effects can compromise its validity when it is readministered to monitor change over time. The ecological validity of office-based neuropsychological testing has also been questioned [3] [4] [5] [6] . An alternative way to sample neurocognitive functioning is simply to ask a relative such as a parent for their perceptions of their child's cognitive functioning (PCF). This method offers the advantage of a contextual perspective and improved ecological validity. The relationship between perceived and objectively measured cognitive function has been studied in populations such as geriatrics, [7] [8] [9] [10] multiple sclerosis [11] , and epilepsy, [12] [13] [14] with mixed results.
Recent studies have supported the validity of PCF ratings in relation to neuroimaging findings. For example, de Groot et al. [15] suggested that PCF might serve as an early indicator of white matter lesion progression and imminent cognitive decline. Ferguson et al. [16] studied a pair of monozygotic twins with similar neuropsychological test scores, and found the twin with poorer PCF to have more white matter hyperintensities on MRI and more diffuse brain activation during working memory processing than the other twin. Mahone et al. [17] found parent ratings of working memory in typically developing children to be significantly correlated with frontal gray matter volumes, while their performance on an objective working memory task was not.
Such results suggest that PCF may not only reflect current function but that it may predict cognitive decline before it can be detected by objective neuropsychological measures [7] . It is therefore worthwhile to consider the assessment of PCF in children, particularly those at risk for atypical cognitive development due to disease or treatment. We have developed a pediatric PCF item bank to address the need for a comprehensive, psychometrically sound, user-friendly tool for populations such as children with brain tumors.
An item bank is a group of questions designed to assess the full continuum of a construct [18, 19] . As long as the items are calibrated on the continuum, raters can respond to different sets of items at different points in time and those ratings can be compared directly, making it possible to monitor changes over time while minimizing practice effects due to repetitive administration of the same items. This method is particularly useful for brain tumor survivors, as their cognitive problems may not surface for years after completion of treatment, necessitating long-term monitoring. The brief-yet-precise format of PCF item bank applications permitted by modern measurement theory makes it an ideal tool for screening in busy clinical settings, to facilitate prompt screening referral for neuropsychological evaluation.
The primary objective of the present paper is to report the development of the pedsPCF item bank and evaluate the extent to which the cognitive complaints sampled by its questions conform to a unidimensional model, which is required for further item calibrations and development of a computerized adaptive testing platform. The first step in such a process is to ensure that items in the bank are comprehensive and correlate with a common underlying single factor. In addition, we also explore the predictive validity of the pedsPCF item bank in samples of children at risk for neurocognitive dysfunction due to reported neurological conditions.
Methods
This study was approved by Institutional Review Boards at all participating sites.
PedsPCF item development
An initial item pool of 145 questions was generated after reviewing (1) existing instruments, (2) a NIH initiative Patient Reported Outcomes Measurement and Information System (PROMIS, www.nihpromis.org) item library, and (3) interview data from pediatric patients, their parents, teachers, and clinicians with experience treating children with neurological conditions (Fig. 1) . For interviews to patient/parent, patients and one of their parents were recruited from the Falk Brain Tumor Center at Children's Memorial Hospital in Chicago for a follow-up appointment between April and August 2002 (patients n=20 and parents n=20) and between July and September 2006 (patients n=20). There were no overlapping participants between these two sets of interviews. Patient inclusion criteria were: (1) at least 1-year post-treatment, (2) ages 7-21, (3) cognitively capable of expressing their concerns using their own words and (4) understand and speak English. The pediatric brain tumor population was selected as an initial clinical context for item development because the effects of brain tumors and their treatment upon neurocognitive functioning have been extensively studied [20] .
Members of the development team (JSL, FZ, ZB) independently rated whether the content of each item was appropriate for self and parent report for children ages 7-12, 13-17, or 18-21 years. Items with overlapping content were reviewed and redundant items removed. The entire development team (JSL, FZ, ZB, DC) then discussed the results of the above ratings and 57 questions were retained. A separate team of content reviewers was invited to read the 57 items via the web, e-mail, or fax, offering comments about appropriateness of item content, wording, and/or content gaps. The content reviewers consisted of 23 neuro-oncology physicians, one neuro-oncology nurse, one neuropsychologist, one speech therapist, and nine teachers who were experienced with students with medical conditions or other special needs (17.2 years of mean professional experience).
A consensus meeting was then held with 13 consulting clinicians/researchers and the development team members (none of whom had been members of the content reviewer team noted above) to review the content reviewers' comments. At the conclusion of the meeting, 23 items were retained without change, 13 were modified, four new items were generated, and 17 items were deleted, resulting in a 40-question set.
We then evaluated readability and comprehensiveness of the 40 questions by conducting cognitive interviews with 27 children (ages 7-21) who were at least 1-year post-treatment at the Falk Brain Tumor Center, Children Memorial Hospital in Chicago. Results were summarized and discussed by the development team, and 32 questions were retained, some of which were modified based on patients' feedback. All items were reviewed individually for content to determine whether an intensity ("from not at all" to "very much") or frequency (from "none of the time" to "all of the time") rating framework was more appropriate for that item. The study team ultimately decided to present 13 of the questions within both of the rating frameworks. Results and conclusions were reviewed and agreed upon by consensus.
In conclusion, 45 items (19 unique items plus 13 item pairs using both frequency and intensity framework as individual items) were included in the pedsPCF field test. Based on expert review, these items were presumed to tap the content areas of attention, concentration, executive function, language, spatial orientation, visuospatial ability, memory, personal orientation, and processing speed. Though parent-report and self-report versions of the 45-item survey were prepared, the focus of the current paper is the parent-report PCF item set.
Participants
Data from 1,409 parents drawn from the US general population were recruited (51.8% children aged 7-12 years; 48.2% adolescents aged 13-17 years) by an internet survey company, Greenfield Online Inc. (www.greenfield.com). Greenfield Online sent e-mails to invite potential participants from their database to participate in the present study. Potential participants were first screened by Greenfield via internet to ensure their eligibility (i.e., English-speaking, parents of children aged 7-17 years), after which parentrespondents completed a survey of demographic information, the pedsPCF items, and the Child Behavior Checklist (CBCL [21] ). Participating parents completed the items with reference to an eligible child in the household who was available and who agreed to participate. Following parent responses, the child completed a self-report version of the pedsPCF items (data not reported here). Procedures for data quality control are described at http://www. greenfield-ciaosurveys.com/html/qualityassurance.htm. Recruitment was terminated when the pre-set goal was reached.
The mean age of children/adolescents rated was 12.3 years (SD=3.0), with 55.5% male and 83% white. Three hundred nineteen (22.6%) parents indicated that they had been told by a physician or a health professional that their child had the following conditions: epilepsy (15.0%), traumatic brain injury (3.4%), cerebral palsy (2.6%), and brain tumor (1.6%). Table 1 provides detailed demographic and clinical information about parent respondents (Table 1) and the children/adolescents they rated (Table 2) .
Interviews with parents, patients and clinicians
Literature review
Question n=145
Reviewed by clinicians (n=26) and teachers (n=9) Question n=32 (45 items were fieldtested) NOTE NOTE : Of these 32 questions, 13 were tested by using both intensity and frequency rating scales. Therefore, 45 items were included in the field. 
Analysis
We evaluated the unidimensionality of items using factor analyses. Data were randomly divided into two datasets using SAS v9.1 (SAS Institute; Gary, NC). We performed an exploratory factor analysis (EFA) on dataset 1 (n=703) to evaluate the number of potential factors among pedsPCF items, followed by a bi-factor analysis, [22, 23] a procedure related to confirmatory factor analysis (CFA), on dataset 2 (n=706) to confirm the EFA results. Bi-factor analysis was conducted by using MPlus 5.2 (Muthen & Muthen; Los Angeles, CA). In EFA, we determined the number of factors using the following criteria: (1) number of factors with eigenvalue >1, (2) review of the scree plot (i.e., number of factors before the break in scree plot, and (3) number of factors that explained >5% of variance. A promax rotation was then used to examine the association among factors by examining their loadings (criterion: >0.4) and inter-factor correlations.
Bi-factor analysis is a technique that is relatively new, though its potential contribution to health outcomes research has been recognized, particularly for the development of item banks. The bi-factor model tests the specific hypothesis of whether unidimensionality of items is supported by taking sub-domains into account. The model consists of a general factor (defined by loadings from all of the items) and local factors (defined by loadings from pre-specified groups of items related to their sub-domains). The general and local factors are modeled as orthogonal and therefore the relationship between items and the general factor is not constrained to be proportional to the relationship between the first-and second-order factors as demonstrated in other hierarchical CFA. Consequently, the relationship between items and factors is simpler to interpret. When the general factor explains covariance between items, uniformly high standardized loadings are seen upon the general factor, indicating that it is appropriate to report a single (e.g., pedsPCF) index score. If the sub-domains represent demonstrably separate constructs, loadings on the general factor will not be uniformly high, leading one to reject the conclusion that the items are sufficiently unidimensional, making it more appropriate to report scores of sub-domains separately. We have successfully employed this technique to evaluate the dimensionality of selfreported fatigue [24] and PCF in adult cancer patients [25] .
Commonly accepted fit index cutoff values have been derived from historic experience with normally distributed samples and much shorter and more homogeneous item sets than are being tested in typical item banks. Item banks, on the other hand, attempt to cover somewhat more expansive, yet still definable constructs. With large numbers of items, there are many opportunities for subsets of items to have shared variance not accounted for by the dominant trait. Cook et al. [26] recently conducted a simulation study comparing fit indices under various length of the survey and data distributions. They concluded that the CFA fit values are sensitive to influences other than dimensionality of the data and recommend the use of bi-factor analysis as an adequate and informative approach for developing an item bank. Therefore, in this study, we determined the unidimensionality of the pedsPCF item bank using criteria recommended by McDonald, [22] Reise et al., [23] and Cook et al. [26] Specifically, sufficient unidimensionality of the pedsPCF items were supported when (1) items had larger loadings on the general factor than on the local factor, and (2) more variances were explained by the general factor than by the local factors. Local dependency between items are evaluated by using residual correlations (criteria: absolute value <0.15).
Once the final dimensionality (i.e., numbers of factors/ scores that should be reported) of the pedsPCF item set was determined, we explored its criterion-related validity using subsamples of the overall dataset (n=1,409). T tests were used to evaluate whether pedsPCF scores could significantly 
Results

Analysis results
The item "my child is able to keep his/her mind on things like homework or reading" showed consistently low Spearman's rho to other items, and a low item-scale correlation. It was suspected that some participants might not have noticed that, unlike the other items, it was positively framed. This item was excluded from further analyses. EFA results identified eigenvalues greater than one on three factors (31.7, 2.1, and 1.3, respectively), but only the first factor explained more than 5% of variance, and one factor appeared before the elbow in the scree plot. Results of the promax rotation support a single common factor among the 44 items (original 45 items minus the item above which was excluded). When factors were assumed to be independent from each other (i.e., standardized regression coefficients), items loaded across three factors; yet inter-factor correlations ranged from 0.6 to 0.7. When factors were assumed to be correlated, all items had loadings greater than 0.4 on all three factors, with loading ranges of 0.5-0.9, 0.6-0.9, and 0.5-0.9 for factors 1, 2, and 3, respectively. The EFA results strongly suggest unidimensionality among these 44 items; yet they could also be divided into three moderately correlated subdomains, which we named "memory retrieval", "attention/ concentration", and "working memory."
A bi-factor analysis was conducted in which the general factor was "PCF" and local factors (i.e., sub-domains) were "memory retrieval", "attention/concentration", and "working memory" with reference to Promax rotation results. Results showed that all items had loadings >0.3 (range: 0.7-0.9) to the general factor and all were larger than loadings to their local factors. The local factors accounted for 9.3% of total variance and the general factor accounted for 69.6% of total variance. No item-pair had a residual correlation greater than 0.15, suggesting local independence (i.e., no redundant items from a measurement's perspective) among these 44 items. Particularly for the 13 item pairs, which shared the same item content but used two types of rating frameworks, all but two had residual correlations less than 0.1 (range: 0.002-0.084). Two exceptions were 0.147 and 0.126 but still less than 0.15. These results indicated for these items, two different rating scales did provide different perspectives in children's cognitive function in their daily lives. These results confirm the unidimensionality of the 44 pedsPCF items, and suggest that, from a measurement perspective, a single pedPCF score is more appropriate than three separate scores.
The pedsPCF demonstrated excellent internal consistency (alpha =0.99), with item-scale correlations ranging from 0.7 to 0.9. The pedsPCF index significantly differentiated clinical subgroups as defined by parent reports: children with and without neurological conditions, t= −14.6 p<0.001; children who had repeated a grade versus those who had not, t= −11.3 p<0.001; and children who had taken "attentional difficulty medication" versus not at all, t=20.1 p<0.001. Of those taking attentional difficulty medication, children who had taken such medication within the past 3 months were discriminated from those who had not, t=4.1, p<0.001. We then compared CBCL parent-report ratings in three problems areas (attention problems, social problems, and thought problems) to national norms, grouping children into putative "normal" and "clinical" ranges. The pedsPCF index significantly (p<0.001) differentiated between children in normal vs. clinical ranges, t= −30.6, −24.6, and −17.8 for scales of attention, social, and thought problems, respectively. Large ESs were found for all three problems areas, ES=3.0, 2.1, and 1.5 for attention, social, and thought problems, respectively (see Table 3 ).
DFA results (presented in Table 4 ) show that pedsPCF significantly (p<0.001) predicted children's clinical groupings, with canonical correlation of 0.4 (explained variance= 16.9%), 0.7 (49.3%), 0.6 (37.6%), 0.5 (21.7%) for children with neurological condition(s), attentional, social, and thought problems, respectively. Additionally, significant hit ratios were found for all classifications with the Press' Q all greater than critical value at p<0.001. Specifically, 78.6%, 88.6%, 82.8%, and 78.6% of the total samples were classified correctly regarding neurological condition(s), attentional, social, and thought, respectively. 
Discussion
In this study, we developed a pedsPCF item bank that is designed for pediatric brain tumor patients and other populations of children and adolescents at risk for neurocognitive impairment. The pedsPCF demonstrated satisfactory psychometric properties, with excellent internal consistency. The overwhelmingly large variance explained by the general factor and the significant factor loadings on the general factor compared to the local factor support the unidimensionality of the pedsPCF item bank. It significantly differentiated children rated by parents in the normal vs. elevated range on three CBCL symptom scales. Furthermore, it classified children into parent-reported clinical categories at significant accuracy rates. These data indicate that the 44 pedsPCF items hold considerable promise as a tool for research and clinical application. Our next step is to calibrate these items using Item Response Theory models, evaluate the stability of measurement properties across various factors such as race and gender to minimize potential measurement bias, and finally establish a pedsPCF computerized adaptive testing platform. We focused on parent-report PCF data for three reasons. First, studies comparing parent and child self-report have found the former to be better correlated with clinical indicators than the latter [27] [28] [29] . Second, parents typically have primary responsibility for medical decision-making about their children's care. A third and equally important reason stems from the gradual emergence over time of children's metacognition or knowledge about their own cognitive processes [30, 31] . Though quality of life is a selfreferenced phenomenon which may, even in young children, be at least partly amenable to sampling via self-report, selfassessment of cognitive functioning poses a greater challenge to younger children with limited metacognition. As a result, parents may be more sensitive to the presence of their children's cognitive difficulties than children themselves [32] . Future studies should be conducted to evaluate similarities and differences between parent-reported and self-reported PCF measures, to understand the emergence of PCF self-awareness with age, and further, to explore the possibility of cross-referencing parent-report and self-report data using rigorous psychometric approaches [33] . The development of such cross-referenced PCF indices will enable longitudinal PCF monitoring from childhood, reported by parents, into adulthood, reported by patients themselves.
The clinical utility of patient self-reported cognition has been questioned, due to its limited associations with traditional neuropsychological test results [12, 34] . Multiple factors likely contribute to inconsistent findings in those studies, including variation in statistical methods and most importantly, the psychometric properties of the scales used to sample PCF. Item content alone may attenuate the level of concordance between PCF and measured cognitive function. For instance, some studies have found low correlations between laboratory tasks and self-reported perceived memory function but significantly stronger associations between neuropsychological tests and PCF when PCF questions focus on "real life" memory skills [35] . In a normal elderly sample, a direct relationship between perceived and measured memory function was only evidenced when self-report items and test variables were both directly related to remote memory [36] .
The results of the current study lay the groundwork for future research describing the relationship between "perceived" and "measured" cognitive function in children and adolescents. This study's rigorous approach to item development, its large sample size, and its extensive statistical analyses are noteworthy strengths. However, we acknowledge weaknesses of the current study as well. Because our data were collected via the internet, families without internet access at home-particularly those of low socioeconomic status-were likely underrepresented. As a convenience sample, participants were not stratified and cannot, therefore, be assumed to be nationally representative. We plan to evaluate the impact of socioeconomic status upon parent-reported pedsPCF in future studies, with recruitment either in person or by telephone interview. Test-retest reliability was not assessed and should be examined in a future study. By using the IRT framework, we plan to evaluate the reliability of pedsPCF scores overtime in a future study by comparing scores from two or more parallel forms of pedsPCF CAT. Another limitation is that all information in the current study was from parent report, with no objective measures included to evaluate pedsPCF validity. We consider the current findings an initial step that establishes the unidimensionality of PCF, and we look forward to future research allowing us to assess the association of parentperceived cognitive function with other relevant indicators. We also recognize that the current study does not directly address the ability of pedsPCF to discriminate cognitive function within the brain tumor population; studies that address this specific question are currently in progress.
In conclusion, we have provided empirical support for the unidimensionality of the pedsPCF item bank and preliminary evidence for its potential clinical utility. The pedsPCF is a promising measurement tool to screen children for further comprehensive cognitive tests.
It is hard for your child to find his/her way to a place that he/she has visited several times before
Frequency
Your child has trouble remembering where he/she put things, like his/her watch or his/her homework
Your child has trouble remembering the names of people he/she has just met Frequency
Your child is able to keep his/her mind on things like homework or reading Frequency
It is hard for your child to take notes in class Intensity
It is hard for your child to learn new things Intensity
It is hard for your child to understand pictures that show how to make something Intensity
It is hard for your child to pay attention to something boring he/she has to do Intensity
It is hard for your child to pay attention to one thing for more than 5-10 min Frequency items that share the same item stem but are measured by both frequency and intensity types of rating scales. Therefore, both ratings are retained
